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Scientific objectives

1.
2.
3.
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Increasing the knowledge of the planet in general

Biological information on Mars is the prime objective

Por Venus the prime objective is a profile of the thermo dynamic
variables

Photographic observation should be included as soon as it is feasible

Criteria for selectiom of capsule science
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Reliability of operation

No ambiguity of interprestation of data

Sterilizability of all components, especially for Mars
Compatability with system constraints

Reasonable evolution of kaowledge

Importance in the developmeat of spacecraft techmology
Experiments that must use & capsule



Multivator

The multivator is an instrument vhich measures several biologically impore
taat parameters of the planetary envirosment. The original comncept is due to
Dr. Joshua Lederberg of the Stanford Exobiology Laboratory and the preseat
design of the instrument is proceeding uader the supervision of Mr. Jerry Stsart
of JIL.

The multivator consists of eighteen identical cells in which specific
chemicsl, diochemical, and physical wmeasurements can be performed. RKach cell
consists of two chambers, one of which can be imnoculated by a sample of
planstary soil while the other comtains ideatical reagents or probes which
react without the pressnce of soil and thus provide a control msasurement.

Ths reagents are stored inm hermetically sesled time release capsules and
released upon initiation of eperation. The eighteen cells are mounted on a
circular structure and are rotated in sequence into position for sampling. All
experiments are designed so that sampling is dons optically using sither
specific spectral responses or scintillation counting of tagged radio chemical
isotopas. The present design accomplishes the soil sample collection and imjection
by placing & soil sample in a hopper situated in the center of the structure,
and ceatrifuging it through a hollow arm at the end of which is a mechanism for
picking up a single cell., By this mathod the cells are innoculated in
sequence., The ceatrifuge also supplies ths opportunity to accelerate sedi-
mentation or mixing processes whea it is desired. Msthods of soil sampling
which carry the soil from the planstary surface to the multivator hopper are
being investigated in conjunction with various possibilities presented by the
capsule configurationm.

Table ( ) indicates preliminary ideas outlined by Pr. Lederberg of the

parameters to be imvestigated in the individusl cells.



Cell

10

11

12

13

14

13
16
17
18

Class of resaction

Physical

Basyme

Ensyme
Ensyme
Ensyme

Netabolic
Metabdolic
Metabolic
Matabolic

Fluorescent

i

i)

Table 1
Specific test
pH, conductivity,

turbidity mass
DA ase

REA ase
Protein ase

P-polypeptide
(optical smine)

glucose
tactic acid

complex-peptone
oylthbttc L~-glucose

55( -aapthyl phosphate
) (acid substrate)

a4 .Q.p:hyl phasphate
{(alkaline substrate)

Nucleotidease-napthyl
thymillylate

A & DMA breskdowm
(ester)

Levucine amino
peptidase

‘X <napthyl-sulfate

7 =-napthyl butyrate
choline esterase

oL -napthyl glucosidase

Means of Detection

electrode

dialysis membrane - c“

in COz detected by
scintillation

"
]

spectrally sensitive
to = 336 =
= 460 m



The basic multivator without sampling device or intermal orieatation
mechanizstion) weighs five (5) to six (6) pounds, consumes six (6) watts of
power average, uses an information rate of sbout one (1) bit/sec, requires
orientation to withinm 13° to the gravitational vertical, and needs & minimum
of two (2) hours operating lifetime on the planetary surface. If orientation
and externsl sampling must be imtegral to the instrument the weight sud power
iancrease by about a factor of two,

There are obviously many problem arsas involved in this instrument and
some of these should be mentionsd. 1) The reagents used cannot meet the space-
craft specifications for sterilization of 1359C for 26 hours. This is most
seriocus but somevhat amusing since the object of the sterilization program is
to maintain the virgin bioclogical enviroament so that experiments like the
msultivator will give mesningful results. This state of affairs may persist
for sll possible bioclegical experiments. We insist upon sterilization so that
we can perform our biological experiments upon an uncontaminated environment,
but then the spacecraft system designers, after accepting this sterilization
coustraint, prohibit biological experiments from flying because they are un-
sterile. The only solution is the multivator sterility must be guarsnteed.

2) The reagents must not decomposs over the capsule lifetime of 6 to 8 months.
3) 80 far no acceptable method of sample acquisition has been devised. &) The
presence of the centrifuge motor mey prevent the instrument from meeting the space-

craft magnetic specifications.

Modified multivator



Radiochemical Growth probe

This is an instrument which innoculates a radiocactively tagged growth
medium with planetary soil and measures clﬁoz matabolized by any organisms that
may be present in the soil. It was conceived by Br. Gilbert levin of
Resources Research, Inc., and developed by him under a MASA contract.

After the operation sequence is initiated a projectile carries a long
string over the planet surface, This string is reeled back carrying soil
particles into the growth chamber which contains a universal media whose
organic components ars tagged with carbon-l4, After soil ianoculation the
chamber is sealed and the fertile sample metabolizes the radicactive material
giving off cl‘oz, carbon~14 dioxide. The c“oz passes into a detection chamber
and the radiocactive counts are sampled for short times at hourly intervals and
a growth curve is plotted. A positive rssult combined with a suitable
control would indicate the presence of semi-terrestrial type life.

The instrument weighs less than one (1) pound, consumes less than one watt
of powver, requires a negligible dats rate, does not require precise orientation,
and needs at lsast two (2) hours of operating lifetime on the planetary surface.

There are several basic problem areas associated with this instrumeat. 1) As
for the multivator, sterilization may present a difficult burdle. 2) Comntrols
are needed to show that the growth observed is due to external microorganisms.
3) The media that is used pfbvid« s limitation on what types of organisms are

detected.

Microscope

An abbreviated microscope used to view microorganisms and particulate matter
present in the planstary atwmosphere has baen proposed by Prof. J. Lederberg of
Stanford University and Dr., G. Boffen of JPL.



The microscope will collect aerosols and dust during parachute descent of the
capsule, separate them by density, and observe the lighter particles via a
simple lens and vidicon system. 7The optics will have a fixed focus and illumina-
ting system and will examine an object field of 100 microns with a resolution of
0.5 microns. Phase contrast will be used if possible. BRach picture will consist
of 80,000 bits of informstion using & square, 200 line raster and four shades of
gray.

The recognition of microbes under a microscope is not simple but certain
features are strongly indicative. Most terrestrial forms have a regular
geometrical shape and occur within a certain size. Many organisms and cells
contain internal organslles or intricate architecture. If such were observed,
it could in some cases establish, beyond any ressonmable doubt, the presence of
life.

It is estimated that this instrument bs designed to weigh less than
three (3) pounds, occupy & volume of less than 500 cubic f{nches, require less
than one watt for illumination, can be made rugged and sterilizable, and can
remain in standby conditions for at lsast 300 days.

There are twe major problem arsas, 1) requiremqnt of either a high data rate

or on board storage, 1) relisble sample scquisition and handling.

Gas Chromatograph (bielogy)

The gas chromstograph is more fully discussed under the atmospheric composition
instruments and is included here to emphasize its applicatiom to the detec-
tion of organic compounds that would be indicative of the state of
evelution of planetary life. It presents the advantage of studying the biochemical
eaviromment and obviates the necessity of assuming terrestrial type life in the
design of biological experiments. The "biological” gas chromatograph differs from
the atmospheric g-c mainly through the ssmpling mechanism and the choice of

columms .



Temperature

The temperature will wary from 100°K to 3009K on Mars aad from 200°K to
more than 600K on Venus, depending upon the height in the atmosphers, the
latitude of capsule entry, and local planstary "dsytime." $Since latitude and
local time canmot be known within wide limits for the Mariner B capsules, a few
spot measurements of tempersture at various altitudes are clearly meaningless.
However, these varistioms inm local comditions probably will mot affect the genmeral
temperature profile of the atmosphere which should be relatively constant over
the planstary sphers. Thus tempersture measurements must be correlated with
simultaneous height determinations. The radar altimeter discussed in another
section provides a straightforward approach to height measurements. If this is
unavailable, height information must be deduced imdirectly by integration of the
hydrostatic equation. Appendix C indicates the msthod and a sample calculation.
Temperature mesasurements during descent must bs made such that the distance between
samplinge does not exceed 300 feet.

The thermometer will be esither a thermistor type of a fine tungsten resistance
wire. Preliminary studies indicate that the latter would have & shorter respunse
time and be less sensitive to non-atmospheric heat dources. For Mars the
dynamic range should be from 100°K to 300°K with an accurscy of about + 1°K,.

For Venus the range should be 200°K go 1000°K with an accuracy of + 5°K. The
difference in accuracies reflects the fact that the knowledge of Mars is consider-
ably wmore precise than that of Veaus.

Weight and power are minimal, (a few grams and less than 1 watt), the data
rate depends upon desceat velocity but should be sbout 1 bits/sscond. The Ghermometer
should operate continuously during descent and after impact to pick up height
variations and diurnal changes.

The maia problem ares is selection of appropriate mounting on the capsule
structure so that the temperature that is messured is truly the smbient tempera-

ture.



JPL is presently requesting design study comtracts for comstruction of this
instrumentation. It is falt, dus to the intimate relatiomship between the thermo-
meter and the capsule design, that this program should proceed with close liaison

betwesn the axperimenter and the capsule design engineers.

Pressure

The pressure on the Martian surface 1s between 50 and 100 millibars with a
nominal value of 85 mb. Important parameters to measure are the pressure profile,
the surface pressure, surface diurnal and seasonal pressure variations, and short
term pressure fluctuation. The surface pressure is critical in calibrating
spectrometric msasurements taken by the bus. The pressure profile is interesting
in {teelf and in conjunctiom with the tempsrature messuremants permits a relative
height determination through integratioan of the hydrostatic egquation. The
pressure variations mentioned sbove are probably second gensration experiments.

On Venus the surface pressure is unknown. REstimates that it is several
tens of atmospheres are common. As with temperature, the surface pressure on
Venus will be extremely critical im the design of future soft landing spacecraft
so that kmowledge is necessary as soon as possible.

Pressure measurements should be taken nhultngou:ly with the temperature
measurements. The type of transducer has not besn sslected and may be quite dif-
ferent for Mars and Veaus. Weight, power and communication requirements are
similar to the thermometer as is the necessity for correct placemsnt on the
capsule structurs. The dynamic range on Mars should be from 0 to 150 mb with
an accuracy of + 1 mb. On Venus the range would be from 0 to 200 atmosphere
(probably two tramsducers) with an accuracy of 21 from O to 1 atm. and + 1 atm.
in the rest of the range.

Contrary to the situstion with the temperaturs, a few  {solated pressure
semplings would be valuable, especially 1if they were made at the surface, since
the pressure variation over the sphere would be comparable to the fluctuatioms of

pressure at a single point. As with the temperature, if the surface relief is



large, ambiguity will result in the interpretation of surface pressure datas.
JPL is presently requesting design study contracts for comstruction of this

instrumentation.

Density

In conjunction with pressure and temperature, and, assuming the perfact gas
law, the demsity will give the molecular weight which will provide a rough
indication of the composition. 8o far the only instrument proposed is an electrom
absorption apparatus which has been developed for terrestrial atmospheric demsity
measurements up to 150,000 feet.

The gauge consists of a source of beta particles separsted from a detector
by a fixed distance. The beta ray attenuation coefficient is relatively indepen-
dent of composition for the items of interest. Weight less thsn 1 pound, power is
less than 1/2 watt, informsation rate is comparable to temperature and
presgure instrumentation. The same system integration problems are anticipated
as with the other thermodynamic messurements.

JPL is presently requesting design study contracts for comstruction of

density measuring instrumestation,

Velocity of sound

Many proposals have beas made using the measurement of the velocity of
sound as a probe for compositional and thermodynsmic perameters. The basic
equation is vt - »z_“g where ” is the effective ratio of specific heats, R is the
gas constant, T is the absolute temperature and M is the effective molecular weight.
S8ince T and M will be measured by other parts of the thermodynamic package, measurs-
ment of v will indicate a value for 2.( « Thus we will know both?s/lnd N and the
possibilities for various compositions will be narrowed counsideradbly. Appendix
C indicates quantitatively how good this kmowledge will be for the various

assumed compositions.



The imstrument should operate using resongnce of standing waves since this
is most reliable, easier to mechanize, less subject to imstrumental effects,
and less dependent upon external conditions. It is hoped that the system require-
ments will be similar to other thermodynamic instrumentatiom.

JPL is preseatly requesting design study contracts to develop this instrumen-

tatiom.

Gas chromatograph (atmospheric composition)

The gas chromatograph separates various compouents by using their differeat
retention times in an adsorption or fime capillary columa. By suitable columm
selection almost any molecular or atomic species can be investigated. The feasi-
bility of incorporsting this fnstrument in & spacecraft has been extensively
investigated in conmection with the Surveyor program. The planetary instrument
will investigate the following gases with emphasis on thoss marked by an asterisk;
N, co,*, A*, R20%, 02%, CO®, CR.*, H2%, 03*, MBy*, N28, nitrogen oxides, Cylg,
Kr, Xe, He, Ne. The limit of detection is 10 ppm at the surface level.

The instrument is designed to operats both during descent and after impact.
Weight is less than 5 lbs., power is four (4) watts. Rach sampling requires a
total of 400 bits of information.

Two possible problem areas are 1) sufficient equilibration time prior to
operation, 2) sampling.

The gas chromatograph is capsble, with suitable modification of the sampling
system, of msking complete organic and imorganic analysis of the planetary soils.
The program is supervised by the joint efforts of Mr. Vance Oyama of JPL,

Prof. James §. Lovelock of Baylor University and Prof. $. R. Lipsky of Yale

University.



Mass spectrometer

The mass spectromster can detect compounds, atoms, and isotopes present in the
planetary atmosphere. This device is being developed extensively for use in terres-
trial sounding rockets. Several types of instruments are being considered,
magnetic sector, quadrupole electrostatic mass filter, r-f spectrometer, and various
other applications of the time of flight principle.

JPL has released a request for design study for a spectrometer that meets
the following constraiats:

Weight - five (5) pounds or less

Power - six (6) watts or less

Sensitivity - 0.1 volume percent components

Accuracy - + 10% on 10% components

4 31 or better on 801 components

Resolution - M/ g M = 23 or better

Mass ragge - 12-50 amu

Scanaing time - 20-60 seconds

Sampling - one or more samples repessentative of the planstary atmosphere.

"8imple" compositiom

S$imple composition refers to the comcept of building separate small instru-
ments to measure dpecific components of the planetary atmosphere. These are
designed as a backup to the complete spectrum instruments like the gas chromato-
graph or the mass spectrometer and will be included on the capsule if system
constraints prohibit the inclusion of these more complicated instruments. JPL ha s
received and reviewsd proposals to build instruments to detect Hz0, 03, 03, co?
and 2. They all mest the desired constraints of 1 pound, 1/2 watt, and minimum

data rate specified by the JPL request.



Experimental philosophy

At present it is impossible on technical groumnds to choose which of the threse
approaches to compositional analysis should be selected for flight {tems.
Assuredly they sach will be included in some future mission sothat preliminary
study of each is warranted. After the completion of the design studies a choice
will be made as to which of the three will be selected for breadboard comstruction

and flight. Only one can be flown.

Television

NBo studies are underway to include a television system on a Mariner B
capsule in 1964. Almost certainly, however, later editioms of the capsule which
have a greater communication capability will carry a IV system. Television
technology is well advanced, however, so that it could esasily be incorporated
at any time the system would permit. The instrument parameters would be adapted

to fit the total mission comstraints.

Yacsimile camera

The attached JPL interoffice memo (Appendix F) discusses an exciting device
which could with only slight modification be incorporated in the 1964 Mariner B
capsules. This device would transmit a complete, 360° picture of the capsule
bhorison plus resolution of the local capsule area to a few millimeters. It
would also be an absolute photometric device that would measure reflectivities,
solar radiation, and atmospheric transmission. Some color indexing may also be

possible.



Wids band spectrophotometer and UV photomater

This instrument would use the Sun as a source and measure the transmittance
of the planstary atmosphere in seversl selected wide wsvelength regions. 7This
seasurement would provide, in rough fashion, the following information:

1) Surface ultraviolet radiation intemnsity whose preseace is inimical to living
organisms as we know them, 2) oszome content of the atmosphere (UV spectrophoto-
wmeter), 3) rediation data for computation of mateotological wodels, 4) visible
viadows in the Venusian atwosphere whose pressnce would permit surface surveys from
flybys or orbiters, 3) the presence and possible composition of clouds.

Major problem areas are: 1) The slevation of the Sum would be unknown so
the instrument must operste the same with radiation from amywhere in the hemis-~
phere of view, 1) Atwmospheric scattering, 3) Filter selection and design.

At present, no work is baing done on an instrument of this type. Interested

scientists should be encouraged to participate in this vital measuremant.

Electromagnetic induction of the surface

This instrument would messure the intensity and phase of electromagnatic
waves scattered from the planstary surface. Qualitative measurement of soil
type and wetness should be fsasible. This experiment was proposed by
Dr. Elliott Leviathal of the Stanford Exobiology Laboratory. The Conductron
Corporatdon has studied the feasibility of instrumentation and conclwded that
an instrument weighing 9 lbs and consuming 9 watts can perform the job. They
have prssented preliminary data indicating how the measured parameters correspond
to various soil types and wetness.

It is improbable that the instrument can be carried oa the 1964 capsules.



